OBJECTIVE: To determine whether differences exist in the morphology of upper airway muscles between apneic and non-apneic snorers DESIGN: Muscle characteristic analysis in patients undergoing upper airway surgery in a tertiary sleep center. SUBJECTS: 10 non-apneic snorers and 10 sleep apnea hypopnea syndrome (SAHS). MEASUREMENTS: Frequency distribution of musculus uvulae (MU) muscle ®ber area determined from 475 AE 207 (mean AE s.d.) and 697 AE 165 type IIA ®bers and 92 AE 32 and 68 AE 45 type I ®bers in snorers and SAHS, respectively. RESULTS: Histochemical analyses of MU revealed as expected that type IIA ®bers occupied a signi®cantly larger area within that muscle in SAHS compared to Snorers (89.4 AE 5.8% and 76.1 AE 15.1% respectively, P 0.01). No difference was found in the frequency distribution of type I and type IIA ®ber areas between the two groups comparing the between-groups and within-group variance of individual area distributions found in snorers and SAHS. CONCLUSION: There is no difference in muscle ®ber area frequency distribution between non-apneic snorers and SAHS patients. This suggests that musculus uvulae of these groups of patients does not have a speci®c prevalence of atrophic or hypertrophic muscle ®bers.
Introduction
Obstructive sleep apnea hypopnea syndrome (SAHS) is characterized by the occurrence of recurrent episodes of upper airway (UA) closure, Its prevalence is estimated to be 4% in men and 2% in women. 1 It is associated with a signi®cant increase in morbidity (systemic hypertension, stroke) and mortality (car accidents, cardiovascular events), 2, 3 as well as with a quality of life impairment. 4 SAHS is closely associated with obesity. The role of obesity in the occurrence of nocturnal breathing disorders may be due to its effect on UA shape and dimension, 5, 6 the deleterious effect of UA loading on UA stability, 7 andaor to an impairment of central respiratory control. 8 One important factor that is responsible for the maintenance of UA patency is the force developed by the contraction of UA dilator muscles. 9 The latter plays a critical role since it represents the only stabilizing force that prevents the development of UA closure. Therefore, the ability of UA muscles to develop a dilating force adapted to counterbalance the effects of the overall collapsing forces and the mechanical effects of this force on UA structures represent a corner stone in the pathophysiology of the SAHS, as suggested by the fact that UA obstruction occurs at the nadir of the UA muscle EMG activity. 10 Several recent studies Have focused their attention on the mechanical and structural characteristics of UA dilator muscles that are judged as being important determinants of the effective pressure generated by their contraction. Smirne et al 11 found that types I and IIB muscle ®ber proportion, were reduced, whereas type IIA ®ber proportion was increased in the medium pharyngeal constrictor muscle between snorers and non-snorers. Our previous study has shown that the proportion of type IIA ®bers is greater in musculus uvulae (MU) of SAHS compared to that of non-apneic snorers. 12 Furthermore, under in vitro conditions, MU in SAHS developed signi®cantly greater force and had a greater protein content and greater anaerobic enzyme activities than that of snorers. 12 Differences in ®ber-type distribution were also reported in the genioglossus muscle between these two groups of patients. 13 These differences in the physiological, histochemical and metabolic pro®les of UA dilator muscles between SAHS and snorers resemble those observed after high-intensive intermittent muscle training, and could be accounted for by recurrent transient muscle contractions in response to repetitive resistive loading of UA in SAHS. 14, 15 On the other hand, morphological abnormalities of the palatopharyngeus muscle have been found by Friberg et al 16 in SAHS compared to snorers and normal non-snorers, with an increased proportion of atrophic and hypertrophic ®bers, an increased number of angulated atrophic ®bers, and a high number of muscle ®bers exhibiting similar myosin ATPase characteristics and located within a narrow region (a phenotype commonly described as ®ber type grouping). These results are consistent with those of Woodson et al, 17 who found frequent focal degeneration of myelinated nerve ®bers in SAHS.
These abnormalities may be consecutive to the damaging effects of eccentric contractions that occur during the mechanical stretching processes of muscle contraction. 18 However, only a small number of the patients included in the two above-mentioned studies 16, 17 had conventional sleep evaluation to document and con®rm their abnormal nocturnal breathing status, as in the Friberg study patients were classi®ed according to unconventional scoring of nocturnal breathing abnormalities (percentage of periodic obstructive breathing using a sleep apnea mattress). Furthermore, Woodson et al did not compare muscle characteristics of SAHS with those of non-apneic snorers, Therefore, the respective effects of UA trauma consecutive to UA collapse and the consequences of snoring and UA¯uttering en morphological characteristics of UA muscle remained to be determined. This is of ®rst importance since muscle denervation was proposed to contribute to the altered re¯exly-mediated response of UA dilator muscles to negative airway pressure found in SAHS patients. 16 For these reasons, the purpose of the present study was to examine the frequency distribution of the MU muscle ®ber area in non-apneic snorers and SAHS patients. Since our previous study reported mean values of ®ber type areas calculated from about 20 ®bers, which provides an accurate measure of mean muscle ®ber characteristics but may not be representative of variance values, it was not possible to accurately estimate the individual's muscle ®ber area distribution. New analyses were then done on a representative subsample of patients to establish the frequency distribution of MU ®ber area, from an extended number of muscle ®bers.
Material and Methods

Subjects
Twenty subjects (10 SAHS and 10 non-apneic snorers) who participated to our previous studies on MU characteristics 18 ± 20 were randomly selected (19 males, age range 28 ± 62 y, body mass index 29.0 AE 3.9 kgam 2 , mean AE s.d.) for the purpose of the present study. All subjects had a conventional polysomnographic study within 90 days prior to uvulopalato-pharyngoplasty (UPPP) for treatment of snoring or SAHS. Sleep studies were done according to standard polysomnographic techniques. 19 ± 21 SAHS patients were not treated for their sleep-related breathing abnormalities and no treatment was initiated between the sleep recording and the surgical procedure. The absence of concomitant organic disorder was ascertained by clinical history and laboratory testing. The review board on human studies of the institution approved the experimental protocol and each subject gave his informed consent to participate to the study.
Muscle sampling technique
MU was obtained during UPPP as previously described. 18, 19 MU samples were sectioned in two pieces at about half their length. On of these pieces was frozen in isopentane cooled to about À160 C with liquid nitrogen for histochemical and morphological analyses, and the other half was frozen in liquid nitrogen for the biochemical analyses.
Fiber typing and area measurements
Type I, type IIA and type IIB ®bers were identi®ed according to their myosin ATPase (mATPase) properties using the single-step ethanol-modi®ed technique as previously used. 12, 13 Since, type IIA and type I muscle ®bers represent the large majority of the total muscle ®bers (91.2 AE 8.0%), the area distribution for these ®ber types was the most important aspect to consider in the present study. The ®ber cross-sectional area of about 100 ± 1000 ®bers was determined with the use of Mocha image analysis software (Jandel Scienti®c, San Rafael, CA) linked to a Sony video camera ®xed on a Leitz optical microscope from mATPase stained sections that were enlarged at a known magni®cation. The meanAE s.d. number (and range) of type IIA ®bers analyzed was 475AE 207 (from 108 to 863) in snorers, and 697AE 1.65 (from 526 to 994) in SAHS (P 0.01). For type I ®bers, the number was 92AE 32 (from 47 to 141) in snorers, and 68 AE 45 (from 15 to 140) in SAHS (P 0.12). The number of type IIB ®bers was too low to be considered adequate for calculation of the frequency distribution.
Data analysis and statistical analysis
Polysomnographic recordings were manually interpreted. Sleep stages were de®ned in 30 s periods according to standard criteria. 19 an apneic event was de®ned as a cessation of the oro-nasal¯ow for at least 10 s, and an hypopnea as a 50% reduction in the sum signal of the Respitrace associated with a desaturation 19, 22 Breathing disorders were classi®ed as obstructive when they were accompanied by a progressive increase in respiratory efforts. Snoring was de®ned as a spike in breathing sound intensity greater than 60 dB. 21 The diagnosis of SAHS was retained in patients whose apnea hypopnea index was greater than 15ah. 23 The other subjects were classi®ed as snorers.
Differences in histochemical and morphological characteristics between snorers and SAHS groups were analyzed with a t-test on observation ranks with a P value`0.05 as a level of signi®cance. Two different statistical methods were used to compare the distribution type IIA muscle ®ber area measured in MU muscle taken from the non-apneic snorers and SAHS patients. The ®rst approach was to compare the variance component in a general linear model (ANOVA). The between-group variance was compared with the inter-individual variance within each group. This procedure estimates the contribution of each effect to the total variance. In the second approach, the Kolmogorov ± Smirnov goodness of ®t procedure was performed to compare the individual values of area frequency distribution obtained in each group. This was done on mean and median value. 24 Morphological characteristics of the MU were also consistent with previous ®ndings that have revealed a signi®cantly higher proportion of type IIA ®bers in SAHS than in snorers (89.4 AE 5.8% and 76.1AE 15.1% respectively, P 0.01), leading to a higher total muscle surface occupied by these ®bers. Figure 1 Frequency distribution of type I and type IIA muscle ®ber area for data pooled in non-apneic snorers and in SAHS. No difference was found between the two groups.
Results
Anthropometric
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When SAHS and snorers were compared for the frequency distribution of type IIA and type I ®ber areas using the ®rst statistical approach, the betweengroup variance component was as variable as the within-group variance. Using second statistical approach, the individual frequency area distribution measured in each group was compared. No difference was found between SAHS and snorer values when mean (P 0.98 for type IIA, P 0.95 for type I) or median (P 0.76 for type IIA, P 0.70 for type I) values of ®ber area were compared. This absence of difference in area frequency distribution is illustrated in Figure 1 with represents the overall distribution of ®ber area observed in the type IIA (4753 ®bers measured in snorers and 6970 ®bers measured in SAHS) and type I (838 ®bers in snorers and 618 ®bers in SAHS) muscle ®ber of MU.
Discussion
Our measurements were made in a randomly selected subgroup of patients (20 out of 53) who participated in our previous studies designed to document the physiological, biochemical and histochemical characteristics of MU), 18 and of genioglossus, 19 and the in¯uence of these characteristics on the pressure at which UA are closed. 25 The 20 patients characterized in the present study can be considered as representative of the total cohort of patients who were investigated since both biochemical (data not shown) and morphological analyses were consistently different between SAHS and non-apneic snorers in all and a subsample of patients.
Muscle ®ber frequency distribution was analyzed as an index of myopathic or neurogenic alteration. Quantitative analyses of muscle biopsies from a large sample of patients with neuromuscular disorders indicated that the variables showing the greatest detection rate of pathological changes were: (1) the difference in ®ber area between type I and type II ®bers; (2) the mean form factor of type I ®bers (that is in¯uenced by ®ber size); (3) the mean type II ®ber area; and (4) the coef®cient of variance of the mean type I form factor (also in¯uenced by ®ber size). 26 Other pioneer studies have suggested that the distribution of muscle ®ber area is an important marker of neurogenic 27 and myopathic conditions. 28, 29 In fact, in Sandstedt's study, perturbation in the mean type II ®ber area was able to classify 98% of the pathological biopsies as quantitative examination. Furthermore, this analysis has several advantages compared to other subjective parameters: (1) it is an objectively measured variable; (2) it can be quanti®ed to determine the frequency distribution pro®le; and (3) it can be used for powerful statistical comparisons between the different groups. The results of the present study clearly reveal that type I and type IIA ®ber area frequency distributions (indirectly the difference in ®ber area between type 1 and type II ®bers) are similar between SAHS and non-apneic snorers, whatever the statistical approach used to analyze the results. The absence of difference in the distribution modality of type IIA muscle ®ber area between SAHS and nonapneic snorers found in the present study suggests that UA muscles of these two groups of subjects do not have a speci®c prevalence of atrophic or hypertrophic muscle ®bers. This absence of difference is further strengthened by the major efforts that were made (since it is highly time-consuming) to measure the size of several thousands of muscle ®ber which served to establish the frequency distribution, this number being dramatically higher (7588 ®bers in SAHS and 5591 in snorers) than in the other studies published up to now in this ®eld 6 (less than 1500 in each group). Even if we cannot exclude the possibility that some subtle morphometric abnormalities may be present in the two groups of patients, our results demonstrate that MU do not exhibit major abnormalities in the distribution of type I and type IIA muscle ®ber areas.
It is interesting to analyze the results of the present study by taking into account the data previously published in this ®eld by other research groups. Alteration of pharyngeal muscles structures have been nicely demonstrated in sleep apneic dogs (bulldogs) compared to control dogs. 30 It was found that beside an increased proportion of type IIA ®bers in bulldogs, UA muscles demonstrated an increased connective tissue content and a higher percentage of injured ®bers according to the presence of morphological abnormalities. Friberg et al 16 found that subjects with high and low percentage of periodic obstructive breathing, who are likely to correspond to SAHS and non-apneic snorers respectively, have moderate to severe polymodality in the palatopharyngeus muscle ®ber size distribution, a pattern that signi®cantly differs from that observed in normal non-snorers. Importantly, only minor differences were observed between patients with high and low percentage of periodic breathing. These qualitative morphological muscle characteristics are in accordance with those reported by Woodson et al, 17 since they also described the presence of interstitial ®brosis with focal atrophy andaor hypertrophy of MU muscle ®bers in SAHS patients. Similar ®ndings were found in half of the patients identi®ed as non-apneic severe snorers but who can be considered as true SAHS since their mean apnea index was 15ah. Half of the SAHS patients studied had focal myelin degeneration of nerve ®bers and axone. The results of these two studies 16, 17 suggest that morphological alterations of UA muscle ®bers that could be attributable to peripheral nerve degeneration may characterize SAHS patients compared to non-apneic lion snorers. For obvious ethical reasons normal subjects were not included in the present study, and it is not possible to speculate on the frequency distribution of MU ®ber area in normal non-snorers compared to the two other groups. The above-mentioned results have two distinct applicaUpper airway muscle in sleep apnea F Se Ârie Ás et al tions in the pathophysiology of sleep-related obstructive breathing disorders. Since snoring is present in the two groups investigated in this study, and the study of Woodson, and since similar morphometric abnormalities are encountered in apneic and nonapneic snorers that differ from the normal morphometric pattern, we speculate that the alteration in morphological characteristics of UA muscle ®bers is the consequence of snoring (UA vibration caused by UA¯uttering) rather than of obstructive apnea and hypopnea (complete or uncomplete UA closure). The second one relates to the variability in the morphometrical alteration pattern that is found between the different UA muscles. Animals studies demonstrated that upper airway musculature injury index and connective tissue content quanti®ed by morphological analysis, 30 and muscular oedema and ®brosis content estimated by T 2 relaxation times using quantitative magnetic resonance imaging, 31 differ between the different UA muscles. It can be hypothesized that similar differences can be observed in human UA muscles and could account for the absence of morphological abnormality found in the MU and for the moderate to severe abnormalities found in the palatopharyngeus muscle in apneic and non-apneic snorers.
We conclude that there is no difference in muscle ®ber area frequency distribution between UA muscles of non-apneic snorers and SAHS patients. These results suggest that UA¯uttering and repetitive episodes of UA closure do not seem to cause an additional disturbance in the morphological characteristics of a UA muscle such as musculus uvulae compared with repetitive UA vibrations caused by snoring alone.
